Strains JS54-2 T and JS63-1 were isolated from seawater at Jeju, Korea. Cells of these strains
During an investigation of the bacterial community present in seawater at Jeju, Korea, strains JS54-2 T and JS63-1 were isolated, producing yellow-pigmented colonies. In 16S rRNA gene sequence comparisons, the strains showed 92.9-97.7 % sequence similarity with respect to all known species of the genus Microbacterium.
The genus Microbacterium (type species, Microbacterium lacticum) was proposed by Orla-Jensen (1919) for Grampositive, non-spore-forming, rod-shaped bacteria that were isolated during studies on lactic acid-producing bacteria. The description was emended by Collins et al. (1983) and, more recently, by Takeuchi & Hatano (1998a) , who united the genera Microbacterium and Aureobacterium. At the time of writing, the genus Microbacterium contains 49 recognized species isolated from a variety of environmental sources (including soil, water, air, sewage, sludge, insects and plants), from dairy products, corn steep liquor and human clinical specimens (Evtushenko & Takeuchi, 2006) , and two recently identified species, Microbacterium ginsengisoli (Park et al., 2008) and Microbacterium hatanonis (Bakir et al., 2008) ; of these, three species (Microbacterium maritypicum, Microbacterium koreense and Microbacterium indicum) have been isolated from marine environments (Takeuchi & Hatano, 1998b; Lee et al., 2006; Shivaji et al., 2007) .
The aim of this study was to clarify the taxonomic positions of two organisms isolated from seawater. A seawater sample was diluted serially in a 3 % NaCl solution. Aliquots of each serial dilution were spread on tryptic soy agar (Difco) containing 3 % NaCl and incubated at 30 u C for 14 days. Two yellow-pigmented colonies were isolated and subcultured, yielding strains JS54-2 T and JS63-1. For most experiments, strains were cultivated on tryptic soy agar or tryptic soy broth (Difco) at 30 u C for 3 days. For the analysis of fatty acids, strains were cultivated on tryptic soy agar at 30 u C for 4 days. , grown under the same conditions, were used as reference strains for the fatty acid analysis, for other phenotypic tests and for DNA-DNA hybridization tests. Unfortunately, the type strain (76 T ) of Microbacterium halophilum no longer exists, either with the authors of the original description of the species (Takeuchi & Hatano, 1998b) or with the NITE Biological Resource Center (Kisarazu-shi, Japan), in which the strain was deposited as
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequences of strains JS54-2 T and JS63-1 are AM778449 and AM778450, respectively.
IFO (now NBRC) 16062
T , so it could not be included for comparison.
The Gram reaction was performed as described by Gerhardt et al. (1994) . Cell morphology and motility were examined under a light microscope (Optiphot-2; Nikon) at 61500 magnification, using cells grown for 1-7 days. Motility was tested using the hanging-drop technique (Skerman, 1967 ). Oxidase activity was tested using Bactident-Oxidase strips (Merck) and catalase activity was tested using 3 % H 2 O 2 . Growth was investigated at 5, 10, 15, 20, 25, 30, 37 and 42 uC, in the presence of 1, 2, 3, 5, 6.5 and 10 % NaCl and at pH 5-11 (using increments of 1 pH unit). The following biological buffers were used to adjust the pH: Na 2 HPO 4 /NaH 2 PO 4 for pH 5-7 and Na 2 CO 3 /NaHCO 3 for pH 8-11 (Gomori, 1955; Bates & Bower, 1956) . Hydrolysis of starch was tested on starch agar (Difco). Tests to determine the utilization of various carbon sources, the production of acid and the physiological profile were performed using API 20E, API 20NE, API 32GN and API 50 CH galleries according to the instructions of the manufacturer (bioMérieux).
Fatty acid methyl esters were prepared and analysed as described previously (Klatte et al., 1994) using the standard Microbial Identification System (MIDI) for automated gas chromatographic analysis (Sasser, 1990; Kämpfer & Kroppenstedt, 1996) . Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v) and purified by using TLC on Kieselgel 60 F 254 plates (20620 cm, 0.5 mm thick; Merck) with petroleum ether/diethyl ether (9 : 1, v/v) as the solvent. The quinones were identified by using reversedphase HPLC analysis, as described by Shin et al. (1996) . Purified cell-wall preparations were obtained as described by Schleifer & Kandler (1972) . Amino acids and peptides in cell-wall hydrolysates were analysed by two-dimensional TLC on cellulose plates by using solvent systems described by Schleifer & Kandler (1972) . Cell-wall sugars were analysed according to the procedures of Staneck & Roberts (1974) . The murein acyl type was determined by using the colorimetric method of Uchida et al. (1999) . Polar lipids were extracted, examined using two-dimensional TLC and identified according to published procedures (Minnikin et al., 1977) .
Extraction of genomic DNA, PCR-mediated amplification of the 16S rRNA genes and sequencing of purified PCR products were carried out according to Rainey et al. (1996) . The 16S rRNA gene sequences were aligned with published sequences retrieved from EMBL using CLUSTAL_X (Thompson et al., 1997) and were edited using BioEdit (Hall, 1999) . Phylogenetic trees were constructed on the basis of the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) methods using MEGA version 2.1 (Kumar et al., 2001) ; distances were estimated by using the least-squares distance method of De Soete (1983) . The resultant tree topologies were evaluated by means of bootstrap analysis (Felsenstein, 1985) based on 1000 resampled datasets. DNA G+C contents were determined by HPLC after hydrolysis, as described by Tamaoka & Komagata (1984) , and non-methylated l DNA (Sigma) was used as a standard. DNA-DNA hybridization was performed fluorometrically (Ezaki et al., 1989) using DNA probes labelled with photobiotin (A1935; Sigma) and 96-well microdilution plates (Greiner Bio-One) at 50 u C.
Strains JS54-2 T and JS63-1 formed visible colonies (about 1-2 mm in diameter) within 3 days on tryptic soy agar incubated at 30 u C. Growth occurred at temperatures ranging from 15 to 37 u C, but no growth was observed at temperatures below 10 u C or at 42 u C within 14 days. Growth occurred at pH 6-10. Cells of the two strains were Gram-positive, non-motile, non-spore-forming, short rods (0.6-0.861.0-1.5 mm) and the colonies were yellowpigmented.
Almost-complete 16S rRNA gene sequences (approx. 1430 nt) of strains JS54-2 T and JS63-1 were determined and compared with those of all known species of the genus Microbacterium. Strains JS54-2 T and JS63-1 shared 99.9 % sequence similarity. They showed the highest levels of sequence similarity with M. oleivorans DSM 16091 T and M. halophilum IFO 16062 T , with values of 97.7 and 97.4 %, respectively, and also showed more than 97 % sequence similarity with M. resistens DMMZ 1710 T , M. testaceum Filled circles indicate branches that were also found using the maximum-parsimony treeing algorithm. Numbers at branch points refer to bootstrap percentages (from 1000 resamplings); only values above 50 % are shown. Bar, 1 substitution per 100 nucleotide positions. An extended version of this tree is available as Supplementary Fig. S1 . T and M. paraoxydans DSM 15019 T . In the phylogenetic tree, strains JS54-2 T and JS63-1 occupied a distinct position, clustering only with M. halophilum (Fig. 1 ). An extended version of the 16S rRNA gene sequence-based phylogenetic tree that includes all known Microbacterium species is available as Supplementary Fig.  S1 in IJSEM Online.
DNA-DNA hybridization tests were performed among the novel strains and the type strains of closely related Microbacterium species. Strains JS54-2 T and JS63-1 shared 93 % DNA-DNA relatedness and showed 15-35 % DNA-DNA relatedness with the type strains of M. oleivorans, M. resistens, M. testaceum, M. thalassium, M. keratanolyticum and M. paraoxydans (Supplementary Table S1 ). Thus, the DNA-DNA hybridization results confirmed that strains JS54-2 T and JS63-1 belong to a distinct genomic species (Wayne et al., 1987) .
Physiological, biochemical and chemotaxonomic characteristics of JS54-2 T and JS63-1 are given in the species description; those that serve to distinguish these strains from their closest phylogenetic neighbours are listed in Tables 1 and 2. Significant differences in terms of the acidproduction and carbon-source-utilization profiles, gelatin hydrolysis and several chemotaxonomic properties, including cell-wall components and quinones, supported the proposal of a novel Microbacterium species.
On the basis of the genotypic and phenotypic data, strains JS54-2 T and JS63-1 merit recognition within a novel species within the genus Microbacterium, for which the name Microbacterium aquimaris sp. nov. is proposed.
Description of Microbacterium aquimaris sp. nov.
Microbacterium aquimaris (a.qui.ma9ris. L. n. aqua water; L. n. mare -is sea; N.L. gen. n. aquimaris of seawater).
Cells are Gram-positive, non-motile, non-spore-forming, short rods, 0.6-0.8 mm in diameter and 1.0-1.5 mm long. Catalase-and oxidase-positive. Growth occurs at 15-37 u C (optimum, 25-30 u C) and at pH 6-10 (optimum, pH 7-8). Growth occurs in the presence of 10 % NaCl. Colonies are yellowish, translucent and circular with entire edges. Indole and H 2 S are not produced. Nitrate is not reduced. Aesculin is hydrolysed, but gelatin, starch and urea are not hydrolysed. b-Galactosidase is produced, but arginine dihydrolase, ornithine decarboxylase and lysine decarboxylase are not produced. The Voges-Proskauer test is positive, but the methyl red test is negative. In the API 50 CH gallery, acid is produced from aesculin, arbutin, cellobiose, fructose (weakly), galactose (weakly), gluconate (weakly), glucose, glycerol (weakly), 5-ketogluconate (weakly), maltose, mannitol, mannose, methyl b-D-xylose (weakly), ribose (weakly), salicin and turanose (weakly), but not from N-acetylglucosamine, adonitol, amygdalin, The type strain, JS54-2 T (5KCTC 19124 T 5DSM 19713 T ), was isolated from seawater at Jeju, Korea. 
